We characterized Apis mellifera in both native and introduced ranges using 1136 single-nucleotide polymorphisms genotyped in 341 individuals. Our results indicate that A. mellifera originated in Africa and expanded into Eurasia at least twice, resulting in populations in eastern and western Europe that are geographically close but genetically distant. A third expansion in the New World has involved the near-replacement of previously introduced "European" honey bees by descendants of more recently introduced A. m. scutellata ("African" or "killer" bees). Our analyses of spatial transects and temporal series in the New World revealed differential replacement of alleles derived from eastern versus western Europe, with admixture evident in all individuals.
T he long-standing association between humans and honey bees, Apis mellifera, is evidenced by 7000-year-old cave paintings depicting honey collection from wild bee nests (1) . Managed honey bee colonies satisfy the pollination requirements of both modern agriculture and the demand for products such as honey, wax, and royal jelly (2) . With the publication of the honey bee genome sequence (3) and development of high-density single-nucleotide polymorphism (SNP) markers, tools are now available to study evolutionary processes occurring in both native and introduced populations, including Africanization in the New World, and the genomewide consequences of ancient and recent evolution in this important social insect.
The genus Apis comprises 10 species, 9 of which are confined to Asia (4) . A. mellifera, however, is distributed from sub-Saharan Africa to central Asia and northern Europe and is composed of more than two dozen morphologically and geographically distinct subspecies (5) . It is commonly believed that A. mellifera split from its closest relative, A. cerana, in western or central Asia (where these species' ranges are closest) and subsequently expanded into Europe and Africa (5, 6) . Existing populations in Europe and Africa are hypothesized to derive from populations currently found in Asia, where A. mellifera occurs as far east as Kazakhstan (6) . However, an apparent discrepancy between the age of divergence among A. mellifera subspecies [0.7 to 1.3 million years (4, 5, 7) ] and the split 6 to 8 million years ago (4, 7, 8) between A. mellifera and A. cerana suggests alternative scenarios. One hypothesis [suggested by E. O. Wilson, citing a personal correspondence from C. D. Michener (9) ] is that A. mellifera originated in the tropics or subtropics of Africa. 
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REPORTS
In North America, introductions of the subspecies Apis mellifera mellifera began as early as 1622. Subsequent introductions of A. m. ligustica (the "Italian" bee) began in 1859, followed by introductions of at least seven other subspecies from Europe, the Near East, and northern Africa (the descendants of which are collectively called "European") (10) . Early introductions in South America are less clear, but probably also involved www.sciencemag.org SCIENCE VOL 314 27 OCTOBER 2006 early introduction of western European subspecies (A. m. mellifera and A. m. iberiensis) and later introduction of eastern European subspecies (10) . In 1956, a subspecies from the African savannas, A. m. scutellata, was intentionally introduced to Brazil. A. m. scutellata became established and dispersed northward and southward from Brazil through South and Central America (11-13), hybridizing with and displacing previously introduced honey bees. Africanized bees reached their southern limit in Argentina in the 1970s (14) , but the eventual northward limit in the United States [first invaded in 1990 (15)] is unknown. Although ample evidence shows that both European and African alleles occur in Africanized populations (14, (16) (17) (18) (19) (20) (21) , A. m. scutellata-derived characteristics, including nesting biology, swarming and absconding behavior, foraging, diet, and mitochondrial DNA (mtDNA), tend to displace European characteristics over time (13) .
We analyzed 1136 SNP genotypes (22, 23) from 328 A. mellifera, including 175 individuals from native populations (representing 14 subspecies in Europe, Africa, and Asia) and 153 individuals from introduced populations in North and South America. We inferred the ancestral genotype for a subset of SNPs by analyzing 13 additional individuals from 3 congeneric species, A. cerana, A. dorsata, and A. florea.
In the Old World, there was clear population structure at the level of major groups (each containing multiple subspecies) and geographical subspecies. Principal component analysis (PCA) revealed four major clusters (Fig. 1A) consistent with Ruttner's four morphometrically defined lineages (5, 24): M (western and northern Europe), C (eastern Europe), O (Near East and central Asia), and A (Africa). The four groups were broadly consistent with mitochondrial data (25) and with assignment by the program Structure (Fig. 1C ) (22) . Pairwise F ST between major groups ranged from 0.242 to 0.565 (table S2) .
Each of the 10 geographical subspecies with 9 to 20 individuals was genetically distinct, and subspecies could be partitioned in either PCA or Structure analysis (Fig. 1B; figs. S2 and S3). F ST among subspecies was 0.501; much lower values were obtained for subspecies within each of the major groups (0.053, 0.129, 0.118, and 0.082 for M, A, O, and C, respectively). Despite considerable differentiation, admixture between geographically proximal populations in the Old World was evident in both PCA (Fig. 1A) and Structure analysis (Figs. 1C and 2A) . Comparison of linkage disequilibrium (LD) between subspecies ( fig. S4 ) also suggested differences related to admixture, bottlenecks, or both. For example, A. m. mellifera and A. m. ligustica exhibited relatively high LD for SNP pairs separated by ≤10 kb (mean correlation coefficient r 2 of 0.45 and 0.30, respectively, decreasing to 0.18 and 0.06 for SNP pairs separated by 50 to 100 kb). In contrast, A. m. scutellata and A. m. intermissa exhibited relatively little or no LD (0.08 and 0.13 for ≤ 10 kb; 0.07 and 0.10 for 50 to 100 kb). LD was low overall and affected only a small number of SNPs ( fig. S4) , consistent with extraordinarily high recombination rates in A. mellifera [~19 cM/Mb (26)].
To explore evolutionary relationships, we generated distance trees using Old World A. mellifera, and rooted these trees using an ancestral genotype derived from A. cerana and A. dorsata. The two groups that comprise European bees (M and C) were the most distantly related, despite their geographic proximity, and M was considerably more similar to A (F ST = 0.242) than to either C or O (F ST = 0.565 and 0.458, respectively) (Fig. 2B,  table S2 ). Unexpectedly, the tree was rooted in Africa (Fig. 2B) . Tree rooting and other relationships had strong bootstrap support and were essentially the same when we used parsimony-based methods, alternative SNP subsets, or genotypes from congeneric individuals (rather than a single derived ancestral genotype) (figs. S5 to S7). On the basis of these data, we hypothesize that A. mellifera originated in Africa and that there were at least two subsequent expansions into Eurasia-a western expansion into Europe (M) and one or more (independent) eastern expansions into Asia and Europe (O and C).
New World bees collected in Brazil (the original site of A. m. scutellata introduction in 1956) were highly Africanized, although all individuals exhibited introgression with the M group ( Figs. 1C  and 2C; fig. S1 ). Similar levels of introgression were not evident in any A. m. scutellata from Africa ( Figs. 1C and 2A; fig. S1 .) Two parallel transects in northern Argentina revealed transitions from predominantly African genotypes (north) to predominantly C group genotypes (south) (Fig. 2C  and fig. S1B ; table S2). Structure analysis revealed a consistent minority of M group alleles (Fig. 2C , black) in all individuals north and south of the hybrid zone. Retention of several M group markers has been observed at the population level (13); our results indicate that this effect occurs at the individual level. The location of the hybrid zone (Fig. 2C) appears to be stable, matching the general latitude of transition from Africanized to European bees in previous studies published in 1982 and 1991 (14, 27) .
Feral bees collected in the United States before Africanization were of mixed Eurasian ancestry, dominated by C group but admixed with M and O groups (Fig. 2D and fig. S1A ). After Africanization, bees defined as Africanized by morphology exhibited predominantly African ancestry admixed with M, C, and to a lesser extent, O group bees (Fig. 2, E and F; fig. S1A ). During Africanization, bees from southern Texas (1993 to 2001) showed a transition from mixed European to substantially, but not exclusively, African ancestry (Fig. 2, H and  I; fig. S1C ). Individuals in early (1993 to 1995), middle (1996 to 1998), and late collections (1999 to 2001) with African mtDNAwere predominantly African at nuclear loci (Fig. 2H, table S2 ). In contrast, bees with European mtDNA became progressively differentiated from A. m. ligustica (C group) and increasingly similar to A. m. scutellata (Fig. 2I,  table S2 ). In North America, as in South America, (Table 1 and  table S3 , "Set 1"). (B) SNPs exhibiting high differentiation between A. m. scutellata and A. m. mellifera (x axis) exhibited little differentiation in the New World (y axis). Filled blue triangles represent the 1% of SNPs exhibiting the highest differentiation in both axes (Table 1 and table S3 , "Set 2"). (C) Few SNPs exhibit high differentiation in both C and M lineages relative to A, consistent with independent derivation of eastern and western European subspecies from Africa. Set 2 loci generally exhibit high differentiation in the New World (B, filled blue triangles) and in the two Old World lineages independently derived from Africa (C, open blue triangles). Several SNPs occurring in or near genes are indicated (abbreviations as in Table 1 ). "Africanized" refers to all individuals in Fig. 2 , C (north of hybrid zone), E, and F. "NonAfricanized" refers to all individuals in Fig. 2 , C (south of hybrid zone) and D.
an unexpectedly consistent minority of M group alleles was evident in all genomes of both nonAfricanized and Africanized individuals (Fig. 2, D (Fig. 3) . Pairwise differentiation between non-Africanized and Africanized bees in the New World was highly correlated with differentiation between A. m. ligustica and A. m. scutellata in the Old World (Fig. 3A) (r = 0.81), consistent with the hypothesis that Africanization involves replacement of A. m. ligustica alleles by A. m. scutellata alleles (SNPs with the highest levels of differentiation in both comparisons are indicated in Fig. 3A by filled red squares and in Table 1 and table S3 as "Set 1"). In contrast, most loci highly differentiated between A. m. scutellata and A. m. mellifera showed little differentiation between Africanized and nonAfricanized bees (Fig. 3B ) (r = −0.37), indicating that biased replacement of C-but not M-derived alleles [(13) and the present study] may occur throughout the genome. However, a small subset of loci that distinguish A. m. mellifera from A. m. scutellata also exhibited relatively high differentiation for Africanized versus non-Africanized New World bees (Fig. 3B, filled blue triangles) . These few SNPs distinguished both C and M groups from the A group (Fig. 3C and Table 1 ).
Of 19 SNPs identified as potential sites for selection (Fig. 3) , 11 occurred in or near genes (Table 1 and table S3 ). Six occurred in coding regions, but only one was predicted to cause a nonsynonymous amino acid change (in a gene of unknown function; Table 1 ). Although some of these SNPs may alter gene function, it is also possible that some or all have hitchhiked with linked polymorphisms that are under selection.
These data provide a global view of the population genetic structure of A. mellifera. Future studies can capitalize on the large number of SNPs presented here to further investigate population genetic patterns within and among populations and genes under selection.
